.54 q/ha), whereas the lowest GCV and PCV values were recorded for days to maturity of sole common bean genotypes. Phenotypic variance in both sole and mixed cropping systems was higher than that of genotypic variances. This implies that, considerable contribution of environmental factors to the phenotypic expression of the genotypes. High broad sense heritability as observed under both sole and intercropping systems indicated that, genetic improvement can be obtained through further selection programme. Important agronomic traits: pods per plant, seeds per pod and branches per plant had positive and significant correlation with grain yield in most cases. Path coefficient analysis at genotypic level indicated that all traits except plant height, seeds per pod and hundred grain weights exerted their positive direct effect on grain yield. Hence, the current study identified the presence of wide variability between those common bean genotypes which can be used for further breeding program and selection can be made using those traits associated to yield.
INTRODUCTION
Genetic diversity in crop plants arises as a consequence of evolutionary processes (mutations, selections, migration and random genetic drift) and the influence of man through selection and domestication (Allard, 1960) .
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Genetic variability has been considered as an important factor which is also an essential prerequisite for crop improvement program for obtaining high yielding progenies (Tiwari and Lavanya, 2012) . In this regard, variability is the occurrence of differences among individuals due to differences in their genetic composition and/or the environment in which they are raised. This variability within or among populations can be genotypic, phenotypic or the interaction of these two factors (Falconer and Mackay, 1996) . According to Welsh (1990) and Sharma (1998) , genetic variability is due to genetic differences among individuals within a population, is the core of plant breeding. Genetic variation is, therefore, the basis for crop improvement and plant breeders use this variation to direct and control evolutionary process by developing new varieties. This therefore has an immense importance to the breeder.
Heritability is important to plant breeders primarily as a measure of the value of selection for particular character in various types of progenies and as an index of transmissibility. Falconer and Mackay (1996) defined heritability as the heritable portion of phenotypic variance and is a good index of transmission of characters from parents to offspring. It is a property not only of a character being studied but also of a population being sampled, of the environmental circumstance to which the individuals are subjected, and the way in which the phenotype is measured (Dabholkar, 1992; Falconer and Mackay, 1996) .
Heritability in broad sense estimates the ratio of total genetic variance, including additive, dominance, and epistatic variance, to the phenotypic variance whereas heritability in the narrow sense estimates only the additive portion of the total phenotypic variance and it expresses the extent to which phenotypes are determined by the genes transmitted from parents (Raiz and Chowdhry, 2003) . Allard (1960) indicated that the heritability values for quantitative traits are low mainly due to their sensitivity to environment factors. Estimate of narrow sense heritability is not possible; thus, by estimating broad sense heritability along with genetic gain is usually more useful in selecting the best individual (Johnson et al., 1955) .
Genetic advance measures the difference between genotypic values of generation obtained from the selected population over the mean value of the base population. Therefore, the utility of estimates of heritability is increased when heritability and genetic advance are used in conjunction with selection differential, the amount that the mean of the selected lines exceeds the mean of the entire group (Johnson et al., 1955) . Heritability estimates and genetic advance should always be considered simultaneously, because high heritability will not be always associated with high genetic advance (Amin et al., 1992) . Economic characters like grain yield are polygenic in nature and are often influenced by the environment and thus have low heritability (Raiz and Chowdhry, 2003) . If environmental variability is small in relation to genotypic differences, selection will be efficient and the selected trait will be transmitted to its progeny (Briggs and Knowles, 1967) .
Furthermore, understanding of the genetic association of breeding materials could help to maintain genetic diversity and sustain long term selection gain. Correlation analysis suggested observations on rhizome yield and other such that the magnitude of genotypic correlation was morphological traits. The mean value of these is higher as compared to their corresponding plants computed and used for statistical phenotypic correlations indicating the inherent analysis. Analysis of variance to test the significant relationship among the characters studied (Prajapati et al., 2014) . Hence, any breeding program aiming at increasing yield should consider association between yield and its attributes through estimation of genotypic and phenotypic correlation, which help a great deal in formulating selection indices to aid in selection programs. Knowing the variability existing in a crop is necessary to formulate and accelerate conventional breeding program. Therefore, the present study was initiated to assess the extent and pattern of phenotypic and genotypic variability of different common bean genotypes of the area.
MATERIALS AND METHODS

The study area
The experiment was conducted at Bako Agricultural Research Center (BARC) in 2011 cropping season. BARC is found in East Wellega zone, Oromia Regional State of Ethiopia. The center is located on 9° 6' N and 37° 09' E latitude and longitude, respectively. It is also characterized by sub-humid agro-ecology with an altitude of 1650 m.a.s.l and has a unimodal rainfall pattern and an annual rainfall of 1425.3 mm/annum. The rainy season extends from April to November, but maximum rainfall of 295.2, 224.0 and 294.6 mm was received during the growing months in June, July and August, respectively (Figure 1) .
The minimum, maximum and average air temperature of the center was 13.5, 27.3 and 20.4°C, respectively. Soil type of the study area is Alfisols, which is clay in texture and acidic in reaction (Negassa, 2001 ).
Experimental materials
Twenty-four common bean genotypes including one local variety which was frequently used by the farmers of the area were used as a planting material. These common bean genotypes were obtained from Melkassa Agricultural Research Center (MARC) and selected from the regional variety trials which were conducted at BARC during the 2009/2010 cropping season. The selection was made based on per se performance and adaptability of bean genotypes under sole cropping condition around Bako area (Table 1) .
The hybrid maize variety used in this study was BH-540 which is the most popular maize variety around Bako and similar agroecologies of East Wellega and it has medium plant height and grouped within the medium maturing hybrid varieties. 
Experimental design and field management
The experiment comprised two separate activities, that is, sole common bean component and bean-maize intercropping which were used for compatibility study of common bean genotypes. Both experiments were laid out in 5×5 triple lattice designs with three replications. The sole common beans involved a total of twenty-five genotypes including one standard and local check and the beanmaize intercropping consisted of twenty-four genotypes and one maize plot grown without common bean as sole cropping. Each of the sole bean plots comprised four rows spaced at the distance of 0.40 m with 5.1 m length, and the space between individual plants within a row was 0.10 m. On the other hand, intercropped plot consisted of four rows of 5.1 m length and sown between 0.75 m spaced maize rows. Common bean genotypes were under sown after twenty-one days at their optimum planting densities alike to that of sole cropping and later reduced to 50% of the plant population. Fertilizers were applied in the form of Urea and DAP with the rates of 18/46 kg ha -1 N/P2O5 and 100/100 kg ha -1 N/P2O5 for sole common bean and maize-bean intercropping plots, respectively. All the DAP fertilizer was applied at planting while urea was applied at two rates, half at planting and the remaining half side-dressed at knee height stage of maize.
Data collection
Data for all traits of beans and maize were collected from ten randomly selected plants of the two central rows for both sole and intercropped experiments. Grain yields of the two crops were adjusted to 10 and 12.5% moisture level for bean and maize, respectively.
Date of emergence, days of flowering, days of maturity, plant height, number of pods per plant, number of seeds per pod, pod length, grain yield, number of plants per plot, 100 grain weight, biological yield and number of primary branches were data collected for bean crop whereas the number of ears per plant, ear length, thousand kernel weight and grain yield were data collected for maize crop.
Data analysis
Analysis of variance (ANOVA)
ANOVA for sole common bean was computed using Statistical Analysis System (SAS) computer software using SAS syntax for simple lattice design (SAS, 2004) . Comparisons of the relative efficiency of lattice design to RCBD were done after data analysis due to the flexibility of lattice design (Cochran and Cox, 1957) . The mean values and rank orders were calculated for each genotype. In addition, correlation coefficients were computed between each pair of the traits.
Estimation of components of variation
The genetic and phenotypic variability among genotypes and coefficient of variation of each trait under the study were calculated for common bean genotypes planted under sole and intercropping condition using the formula adopted by Johnson et al. (1955) . 
Estimate of heritability
Heritability (h 2 ) in broad sense for all characters was computed using the formula suggested by Allard (1960) . where = genotypic variance, = phenotypic variance, and = error variance.
Estimation of expected genetic advance
Genetic advance as percent of the mean (GA) for each character were computed using the formula by Allard (1960) .
where K selection differential (2.056 at 5% selection intensity),
Phenotypic standard deviation, Heritability and
Grand mean.
Estimation of phenotypic and genotypic correlations
Phenotypic and genotypic correlations between yield and yield related traits were estimated using the method described by Miller et al. (1958) . Phenotypic correlation coefficient:
Genotypic correlation coefficient where phenotypic correlation coefficient between character x and y, genotypic correlation coefficients between character x and y, phenotypic variance for character x, = genotypic variance for character y, = genotypic variance for character x, and = Genotypic variance for character y. 
Path coefficient analysis
The direct and indirect effects of the independent traits on grain yield per plot were estimated by formula described by Dewey and Lu (1959) and, it was analysed using the formula developed by Singh and Chaudhary (2004) . where = Mutual association between the independent character (i) and dependent character (j) as measured by the correlation coefficient. = Component of direct effects of the independent character (i) and dependent (j) as measured by the path coefficient, and = Summation of components of indirect effect of a given independent character (i) on the given dependent character (j) via all other independent character (k).
RESULTS AND DISCUSSION
ANOVA for sole and intercropped common bean genotypes
ANOVA indicated that highly significant differences (P≤0.01) between cropping systems for plant height, pods per plant, seeds per pod, pod length, biological yield, and harvest index, branches per plant and grain yield and highly significant differences (P≤0.01) were observed among genotypes for all traits except for pod length (Table 2) . Genotype × cropping system interaction effect was highly significant (P≤0.01) for all traits except for days to flowering, seeds per pod and hundred grain weights. This indicates that the performances of the bean were not consistent across the cropping systems.
Most of the genotypes responded differently under various cropping systems. This could be mainly due to the difference in the genetic makeup of the genotype and the environment on which the genotypes were grown. In general, the significant difference observed among the genotypes in the two cropping systems indicated that there is an apparent phenotypic and genotypic variation among the genotypes and which could be exploited in breeding program (Table 3) .
Components of variation for sole and intercropped bean genotypes
As per the analysis for intercropped beans shown in Table 4 , the highest genotypic and phenotypic coefficient of variations were recorded for plant height (50.22 and 52.8), grain yield (45.04 and 51.40), hundred grain weight (33.23 and 40.85) and pod per plant (32.13 and 37.0), respectively, whereas the lowest genotypic and phenotypic coefficient of variation was recorded for the days to maturity (6.65 and 8.84). Similarly, when the two cropping systems are compared based on the GCV and PCV values of respective traits, the highest GCV and PCV values were exhibited for similar traits, that is, hundred grain weight, grain yield and pod per plant, for both sole and intercropping conditions. Moreover, the GCV and PCV values for plant height for both sole cropping and intercropping were considered as the highest value. Generally, the PCV values were greater than the GCV values in both cropping systems which indicated the influence of environmental factor greater than genotypic factor. In addition, the PCV values exhibited for most of the traits under inter cropping condition were greater than the PCV values exhibited under sole cropping condition except for days to maturity and branch per plant. Pooja et al. (2015) , also indicated that, PCV values were higher than GCV values, which indicate the effect of environment on the expression of characters. Characters showed considerable difference between PCV and GCV values, to be number of pods per plant and number of ovules per pod. It indicates more environment influenced variation rather than due to genotype, so these traits may be misleading in selection procedure. Similar to the PCV values, the GCV values recorded for most of the quantitative traits under intercropping condition were greater than the PCV values recorded under sole cropping condition except for days to maturity, pod length, biological yield and branch per plant. The greater difference in PCV and GCV value of the traits and the variability of genotypes under sole and intercropping condition for most of the traits implicated that the presence of phenotypic and genotypic variation between genotypes and these variations were more pronounced under intercropping than the sole cropping Kassaye (2006) reported that the highest values of PCV and GCV were recorded for most of the traits and the lowest PCV and GCV values were recorded for days to maturity. Similarly, Samal et al. (1995) also examined the performance, variability and correlation and coheritability estimates in Rajmash and found out that all the traits except branches per plant and pod length exhibited wide range of variability. He also reported that the phenotypic and genotypic ), GVs, PVs, EVS, GCVs, and PCVs =genotypic variance, phenotypic variance, environmental variance, genotypic coefficient of variation and phenotypic coefficient of variation for sole cropping, respectively. GVMi, PVMi, EVMi, GCVMi and PCVMi =genotypic variance, phenotypic variance, environmental variance, genotypic coefficient of variation and phenotypic coefficient of variation for intercropping, respectively. variances were maximum for yield per plant and minimum for branches per plant.
Heritability in broad sense and genetic advance of common bean under sole and intercropping condition
Heritability estimates for all traits varied from 50.6 branches per plant to 85.6% for days to maturity for the sole cropping. and PCV estimates that could be used during selection through these characters because of the better association between the genotype and phenotype. The higher genetic advances were recorded for biological yield (110.8 and 318.9) followed by plant height (59.14 and 37.2) and the least was recorded by branch per plant (1.32) and seed per pod (1.2) for sole and intercropped beans, respectively. Whereas, the highest genetic advance as a percent of mean were recorded for plant height (98.21), grain yield (81.15), hundred grain weight (61.4) and pod per plant (53.6) according to their order of importance. Generally, 98, 81, 61, and 53% of improvement can be made in selection through these characters for intercropped beans.
In agreement with the present study, Alemineh (2009) indicated that, heritability of the different traits measured under drought stressed and non-stress condition. Days to 50% flowering showed the lowest (31.74%) heritability under non-stressed whereas chlorophyll content had the lowest heritability under stressed treatments. Kassaye (2006) also reported high heritability estimate coupled with high genetic advance as percent of mean for 100-seed weight, plant height and number of nodes on the main stem. Mesele (1997) also indicated that almost all the characters studied showed higher heritability percentage for pods per plant, pod length, seeds per plant and yield per plant than other characters. According to Sintayehu (1997) , higher heritability estimate was recorded for 100-seed weight and moderately higher heritability estimates for pod length, yield per plant and days to maturity.
Most of yield and yield related traits in both cropping systems show the largest heritability estimates which enable the breeders to improve bean genotypes through better heritable traits. Similarly, the genetic advance as a percent mean also implicated that greater possibility of genotype improvement which could be made through these characters.
Association of characters
Genotypic correlation coefficient for intercropped beans in comparison with sole cropping
Seed yield is a complex trait whose production is influenced by its component traits directly or indirectly. Breeder is certainly interested in investigating the extent and type of association of such traits for they contribute valuable information in breeding for yield. The correlation coefficient result for bean intercropping, below diagonal of the Table 6, indicated that grain yield was found to be positively and significantly correlated with days to maturity (rg=0.83**), plant height (rg=0. 91**), pod per plant (rg=0.83**), biological yield (rg=0.59**) and harvest index (rg=0.80**). Similarly, days to maturity with plant height (r=0. 89**), pod per plant with days to maturity (rg=0.77**) and plant height (rg=0. 76**), hundred grain weight with pod length (rg=0.64**), harvest index with days to maturity (rg=0.58**), plant height (rg=0.69**) and pod per plant (rg=0.59**) and branch per plant with biological yield (rg=0.56**) positively and significantly correlated.
There was also positive and significant correlation observed between pods per plant and days to maturity and days to flowering, and between seeds per pod and days to maturity. In contrast to this result there was negative and highly significant correlation observed between seeds per pod and hundred grain weight (rg = -0.73**). Grain yield exhibited positive and highly significant genotypic correlation with harvest index (rg=0.71** and rg=0.80**), pod per plant (rg=0.55** and rg=0.83**) and biological yield (rg=0.44** and rg=0.59**) under both sole and intercropping condition, respectively. The comparison of variables between sole and bean maize cropping systems and the association of some of the characters is shown in Table 7 . The result indicated that, among the tested variables, days to maturity (rg=0.66**), plant height (rg=0.68**), seed per pod (rg=0.76**), pod length (rg=0.78**), and hundred grain weight (rg=0.82**) showed positive and highly significant correlation between the two cropping systems.
Similarly, days to 50% flowering (rg=0.41*) and harvest index (rg=0.14*) showed positive and significant correlation between sole and intercropping. The result of the present study agreed with the report of Santalla et al. (2001) who indicated that significant and high correlations of bean yields between sole cropping and intercropping with maize.
According to Woagyehu (2008) , grain yield of common bean genotypes under sole cropping has shown a positive correlation with yield under intercropping (rg=0.55). Similarly, he stated that, positive correlation between grain yield between the two-cropping system. Some of yield and yield related traits, that is, branch per plant, biological yield, pods per plant and grain yield revealed insignificant correlation between the sole and inter cropping conditions. It is worth mentioning that there was no negative association between variables of the two cropping systems.
Similarly, Mesele (1997) indicated the relationship between seed yield and number of pods per plant was highly significant at phenotypic and genotypic level. He also reported that yield per plant was highly and significantly correlated with number of seeds per plant both at phenotypic and genotypic levels.
Most of the traits showed highly significant variation between the two cropping systems revealing the insignificant correlation between sole and intercropping. Therefore, as per the combined analysis of variance, there was an apparent variation between genotypes, cropping system and genotype × cropping system interaction.
However, the correlation coefficient can be affected by the test genotypes and environments at which the genotypes are raised, correlations among the quantitative traits are very important for selecting genotypes and/or populations having multiple associated characters.
Direct and indirect effects of characters on grain yield at genotypic level for sole cropped common bean
Every component character can exert a direct and indirect effect on grain yield. Path coefficient analysis offered a much more realistic interpretation of the factors involved. The use of this technique requires a cause and effect situation among the variables. Based on the effects exerted by characters on the grain yield, one can consider that the possibility of improving the crop through these characters.
The direct and indirect effects of various traits on seed yield per plant among genotypes are shown in Table 8 . Among the eleven characters studied, ten quantitative traits assumed to be the causal factors exerted their direct or indirect effects on grain yield. Of these traits, all exerted their positive direct effects on grain yield except seed per pod and hundred grain weight. Harvest index (0.96) and biological yield (0.62) recorded the highest direct effect on grain yield and followed by days to maturity, branch per plant, days to 50% flowering and pod length.
This indicated that, selection of high yielding genotypes either separately or in combination of these traits would result in increasing grain yield. Harvest index through number of branches per plant (0.36), seed per pod through hundred grain weight (0.18) and days to maturity through plant height (018) recorded the highest positive indirect effect on grain yield.
Even though pod per plant showed significant genotypic correlation with grain yield (rg=0.55**), it exerted very low positive direct effect value on grain yield. On the other hand, all quantitative traits except pod per plant, hundred grain weight and harvest index and branch per plant exerted their positive indirect effect on grain yield via plant height. Conversely, seed per pod (-0.28) and hundred grain weight (-0.07) recorded their negative direct effects on grain yield. But this negative direct effect of the traits is compensated by the indirect effect exhibited by these traits as they interact each other, that is, seed per pod through hundred grain weight (0.175) exerted moderate to higher indirect effect on grain yield as compared to other quantitative traits.
Incongruent to the present study, Sintayehu (1997) reported 100-seed weight, had the highest direct effect on grain yield followed by pod per plant and number of seeds per pod. Similarly, Mesele (1997) also noted that seed per plant had the highest degree of favorable influence on seed yield followed by days to maturity and days to flowering exerted negative direct influence on seed yield on the other direction.
According to Kassaye (2006) , days to flowering and maturity had positive direct effect on seed yield. In contrast, these phenological traits contributed their negative indirect effects through 100-seed weight.
Conclusion
Genetic variability studies provide basic information regarding the genetic properties of the population based on which breeding methods are formulated for further improvement of the crop. The present study was also aimed to investigate about the nature and extent of variability that can be attributed to characters that can be observed and realized in practical breeding.
Accordingly, in this experiment, common bean genotypes showed high significant variability for all the traits considered, that is, days to maturity, plant height, pod per plant, seed per pod, pod length, hundred grain weight, biological yield, harvest index, branch per plant and grain yield quintal per hectare, but there was no apparent variation for days to flowering. Quantitative traits that showed the maximum significant variation between genotypes were plant height, pod per plant, seed per pod, biological yield, harvest index and grain yield.
The PCV values of all of the traits considered in this study were greater than their GCV values. These results could be indication of other environmental factors played a great role on the variation observed. Whereas, the highest genetic advance as a percent of mean recorded for plant height (98.21), grain yield (81.15), hundred grain weight (61.4) and pod per plant (53.6) according to their order of importance. Generally, 98, 81, 61, and 53% of improvement can be made in selection through these characters for intercropped beans.
Based on the genotypic correlation coefficient analysis of the present study, about 70% of the traits revealed positive and significant correlation with grain yield. Among which, harvest index, pod per plant, seed per pod and biological yield showed highly significant correlation with grain yield. This correlation could be either due to pleiotropic gene action or linkage or more likely due to both phenomena. Furthermore, the qualitative traits studied for path coefficient analysis at genotypic level, most of the traits exerted their direct effect on grain yield except seed per pod and hundred grain weight.
From this study, one can conclude that, utilizing the variability of those traits which have significant and positive correlation with grain yield and those that have direct or indirect influence on the productivity of the genotypes is very much decisive.
